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@ Polymeric bonded metal magnet with corrosion resistant matal parades. 

@ A highly stable, non-pyrophoric, highly corrosion resistant magnetic powder provided by treating magnetic 
particles with a solution containing chromate or dichromate ions and polymeric magnets containing the powder. 
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POLYMER BONDED METAL MAGNET WITH CORROSION RESISTANT METAL PARTICLES 



Technical Reld 

This invention realtes to non-pyrophoric conosion resistant magnetic metal particles and more particu- 
larly to a polymer bonded magnet with non-pyrophoric. corrosion resistant metal particles. 

Background of the Invention 

Polymer bonded metal magnets are recognized to have a number of advantages over sintered or cast 
metel magnets. Magnetic articles can be molded to precise specifications, eliminating costly finishing steps 
such as gnnding. The polymeric bonding process provides a more uniform distribution of magnetic moment 
throughout the magnet and provides less variation between individual magnets. Polymeric magnets are less 
susceptible to damage during handling, such as chipping or cracking. 

If desired, the polymeric magnets can be machined with conventional equipment such as lathes and 
dnils. wh.ch equipment generally can not be used with the hard and brittle, cast or sintered magnets By 
use Of an olastomeric binder, polymeric magnets can be produced In a flexible fbnn for ease of wortoUIHy 
For example, a polymeric magnet can be cut with a knife and fit easily Inside a motor housing 

The sire of the metal particles used is dependent on the method of fabrication. The average particle 
size ranges from 0.1 to lOOO microns, and is typically between 2 to 200 microns. The desired p»1ic)e size 
IS generally produced by grinding. However, grinding creates a severe oxidation problem. The most severe 
oxidation problems occur with rare earth metal magnet powd.9rs. such as samarium-cobalt (SmCo) and 
neodymium-iron-boron (NdFeB). \«»"»-«; ana 

Oxidation can occur at various times during the production and use of bonded magnets. If rare earth 
metal powders are ground dry in air. very rapid oxidation, leading to fire and expk>sion. can occur 
AKematves to dry grinding in air include grinding in an inert gaseous atiiiosphere or in an inert liquid' 
These alternatives have high production costs while still providing a powder that may oxidize rapidly when 

GXpOSdO to wTt 

,.„i„!5f 'f^'^' t »° ~^osion via oxidation during storage prior to being mixed with 

polymer. Also, oxidation is of particular concern during the process of compounding the magnetic powder 
with the polymenc binder. Iv5ixing to form injection molding compounds typically takes place at tempera- 
hires l^tween 190-C and 350-C. Although attempts have been made to cS^pouid in 
^Jmir ^ ""^y adsorbed on the particles and be present in the 

230.rt%.fn''?"r" TV!"^^ '^"""^ '"'"*"9 ^yP**^'/ out at from 

TJJ! -S? r ^^L " ^ """^ '"^^'y »° <1"''"9 Pf°<»ss of curing the 

elastomer. The finished magnets are subject to a gradual process of corrosion of the metal particles, whteh 
IS accelerated by exposure to increased heat or humidity, as all organic polymers allow at least a small 
amount of oxygen and moisture to diffuse therethrough. 

m«•J^fc^''°^^'^K^!®'"•^!!• ^ ^"'"'"^ *® above-identified problems can be put into two categories. (A) 
methods in which the individual metal particles are protected, and (B). those in which only me finished 

to'^teoL'T'^fK """^ '^"^ °' such as an anticorrosive paint. I comSo2 

?h?««;, r . , ^ disadvantages: (1) the particles are not projected 

dunng he earlier stages of fabncation of the magnnt. and (2) the addition of a protective coating which is 
generally several mils thick, makes it difficult to meet exacting dimensional tolerances in7e Zsh^ 

f«w • "f""!"^ As the magnetic particles themselves are typically only a 

ZZT , » L °' rnagnetic material in the matrix is desired, the protective 

cJ^Ino mioH? '1 f ' f '"^♦''^l^- the metal 

HoT ? T ^'""'^ ^"P^""'"^ """^ '° ^^P'^ fro'" pinholes, unev n deposition or 

other defects. Treatment with silane and titanate coupling agents has been reported to giv a mcSes 
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.„) nickel articles usM in magneLc ^eorting Tte a«os»<l to 

to retain its magnetic properties under service conditions. 



3^ 75 Summary of the Invention 

It M ^ ^ hjnhix/ *rtabl© non-oyrophoric. highly corrosion reastant magnetic 

The present invention P™^;f^^^2?J^^3-^V3n5 magnetic particles treated wHt, a solution 
powder for use in polymer bonded 7^9;^„^'^^,i„g 'chromate functional groups. The magnetic 
. ~r:^J^ :r At^r dr^ng >n .r ^ pa^c^ ^ non-p^ 

remain -''''^^"^ «° oTriresent invention comprises permanent magnet 

The non-pyrophonc pemianent "^^""J^'l^^^ ^ inoo microns having a thin outer layer comprising a 
particles having an average partcte sr^ o^ from 01 to 10M m^ns g ^^^^ 

chromium and oxygen compound !^^X^L.een 0 01 and 1%. The permanent magnetic 

« 0.001 and 5% by weight of ^l^^ ^^^'^J^P^^^^J^^^^^^^ 
particles preferably nclude a ^^^^^^^^^^^^^^^ 

non-pyrophoricthat-tcan be hea^^^^^^^^^ ^ ^^prises the above 

desc^^'Srrurn f ^.r^c^d^- the g Jp consisting of them,op^cs. t^ermosets. and 

d. 30 elastomers. doscribed above removes only a small fraction of the chromiurn 

The chromate "J^^* several alternatives in which almost J 

from the treating solution. The P'«.!?"j, ""^J""^^^^^ fo^m on the surface of or admixed with the metal 
Of the remaining chromate is W^ Jd '"^ "^"^^^^^^^^^^ 3 ^,on that will precipitate an Insolubl 
„ po^er. One altemative involves adding a ^^""'^ or lead salts to precipitate the insoluble 

: 35 STmate. Examples '"f ,f if '^"^^t^: Za^TZ "a^ oTSe reLn!:,g chromium from 

: ^rrr^ Trerci^raS^ucrrsS b^^LTaddr^hTmer ^.^^ 

he ^ precipitation methods. A reducing "^'^•^""^ T^.^^^ chromate state to the trivalent chromic state. 

2 solution slurry to reduce the chromium from ^^^"^^^^^"^romc hydroxide on the metal particles. 

Z Base is then added to precipitate the '"^^^^^ stability is significantiy better 

^' After drying a very ^^^^rTTl^Z^le^^e^^^^^^ of reagents and adiustment of 

sewage treatment facility. 
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^ p,,^, lnv,n«on Is app«=ab,. t. a« ^ " ,<'^J^,,'7>>Z^J^ ^ 
(SmCo). since they have a very strong tendency to oxidize. 
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Production of polymer bonded magnets containing the stabilized powder can be by any of the lam« 
number of processing methods. Including Injection molding, compression molding. Impregnation, extrusion 
and calendering. Polymers used can include (1) thermoplastics, such as polyamides (nylons) and ooli 
phenylene sulfide: (2) thermosefs. such as epoxies and phenolics; and (3) elastomers, such as naturaland 
synthetic rubbers and fluorocarbon elastomers. Other useful polymeric binders, such as polyesters can be 
included m all three categories. j«»™j>. oe 

The chromate treatment can be conveniently applied by dissolving chromate salts, dichromate salts 
chromiurn tnox.de. or a mixture of these In water. Suitable salts include but are not limited to sodium 
dichromate. sod-um chromate. potassium dichromate and potassium chromate. Alternatively, an oroanic 
compound containing hexavalent chromium in a functional group, dissolved in an appn>priate solvent mav 
be used. In aqueous solution the following equilibria are rapidly established- ' 
CrOs + HK) = HCrOi- + H* 
CrsCV- + HsO = 2 HCrOr 
HCrOr = H* + Cr042- 

rnni„^««'^ "fl .'^S'^^'^^s Of the compoMnds that are used to make up the solution, the 

u '"^'^ P" «'« total chromate 

concentration. TWe pH of the aqueous solution is preferably between 2.5 and 11.5. Use of a sodium or 
potassium dichromate solution typically gives an initial pH of 4 to 5. which is a particularly desirable ranoe 
The concentration of chromate can be from 0.1 percent by weight to the solubility limit with 1 to 10 percent 
k!!"®^^*"!!! 1^ desirable range. Although the details of the reaction mechanism are not known ft is 
oe leved that the chromate ion. which is a strong oxidizing agent, reacts with the metal surface by the half- 
cell reaction. ' 

Cr042- + 4 H2O + 3 e- - Cr (OH)j + 5 OH- 

As the reaction proceeds, the generation of hydroxyl ions increases the soliition pH. Simultaneously 
mete atoms at the surface are oxidized to metal ions, coprecipitating with the chromic hydroxide at th^ 
Tn^ f??!'^ ^ hydroxides of the metal ions, such as R(OH),. where R is a rare earth metal. Fe- 
!r Co(OH),. A gelatinous coating, which may also contain some chromate compounds 
sucn as CrOHCr04 and FeCr04. forms at the surface of the metal particle. Upon drying the surface coating 
dehydrates and hardens to provide an effective barrier against further corrosion. 

Before drying the particles, the soluble salts should be removed. Many techniques can be used such 
as nnsing and decantatlon or running clear water through a filter or centrifuQe cake. No sign of chromate 
coloration in the rinse water indicates an adequate rinse. w «w 

Drying can be carried out in an air circulating oven at temperatures from 60'C to 150«C. The hioher 
drying temperature appears to give better resistance to corrosion in humid atmospheres 

A very effective method of applying the chromate treatment to the metal magnet powder is to grind the 
powder in an aqueous chromate solution. By this method the chromate can react with the surfaces of the 
parbcles as soon as they are fomied. and thus corrosion rfuring grinding is minimized. Grinding is 
preferably done with a ratio of volume of metal to be ground to total volume of sluny of between 0.10-1 and 
0.50:1. On a weight basis, the percent solids in the slurry is preferably between 40 and 90 percent 
40 However, gnnding is not essential to the success of the chromate treatment. The treatment is also effective 
when applied to particles that have already been ground, provided significant oxidation of the particle 
surfaces has not already taken place. k»uv.«» 
The chromate treatment is conveniently and effectively done at room temperature 20-25'C The 
temperature of the slurry will rise during extended grinding. Temperatures of up to 50'C have been 
45 encountered with no deleterious effect on the chromate treatment process. 

Although the Dhromate treatment process as described above is very effective there are two reasons 
why further treatment may be desired: (1) to further improve the- corrosion resistance by precipitating a 
second layer of insoluble chromate onto the surfaces of the particles, and (2) to remove chromate fmm 
solution to facilitate disposing of the solution in an environmentally acceptable manner. 
50 One effective method of further treatment Is to add the soluble salt of the metal that forms an insoluble 
metal chromate. For example, zinc sulfate or zinc nitrate can be addea to precipitate zinc chromate or lead 
nitrate can be used to precipitate lead chromate. After the chromate treatement of the metal magnet powder 
IS completed, a slight stoichiometric excess of the soluble salt is added to the metal powder/chromate 
solution slurry, either as a powder or as a solution, and stirred to mix thoroughly. It is generally desirable to 
subsequently adjust the pH to between 8 and 1 1 by adding a base such as sodium hydroxide or lim The 
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The ba« also p,ecip«at.s -'"f ^ =ha"*slc zinc « b.«= 

Chromic hy«oxl«. So*um ttsuhiK. NaHSOj. was '™™ "™ = „ ^ |^ sum,,. 

'^r;;r-rrrrr-s:s!rrs-rr'^ », os«. 

ch.on„» », »e daep COW ot »e chr»hic SLs. to, 

Example 1 

* rarrr/=o^Ta^sr«::»J«r^^ 

mlholes al SCO T»h. The ""^S^ 7^^°i i™ a l»,-bo«»4d Ir.,. The grMlos »»» 
35-C. The Slurry .as hns«) wlh Bp «a»t i™m « ^ ,0 soMe » •» 

„r. caugw ««1 rinsed on a '"'T*'"' ^ »«1 «» rodSpanoO "» 

honor, of »« ^J'J^STl.^^^^^ Z ™s nosln, pocadw. 

-=Tht=r.^^^ir^..^^^^^^ 



45 magnet material 

The following treatment solutions were used: 
(1) control solution, pure tap water 



'^r.srrx ori^^rsr^s::-!. ,esso- c,h,„«o» p«s^ -a«^ 

" """™"«chr^-----°^-l- ,.ec 01 

The results of the heating tests are g.ven .n « Jj ' '^^^^^ „ the concentration 

ra-r rrpCceTro jr^^-c^^Siha-rrrrre-s^r,"^ - «■ - - 

55 the phosphate treatment, which is representative of the pnor art. 
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TABLS 1. Results of hi; 
Example 1. 

TREATMENT 

Control 
NaH^PO^ 

"Gcanodine- 165 SD" 
0-1% Na^Cr^O.^ 
0.3% ma^Cr^Oj 
1.0% Ma^Cr^O.^ 
3.0% Ma^Cr^O^ 
10.0% Na^Cr^O.^ 



lemperature tests on powders of 





PERCENT 


GAIN IN 




250 


275 


300 

•J \J \J 


• 


7.6 


7.7 


8.3 


9.2 


0.6 


5.3 


6.5 


T.7 


6.6 


6.8 


7.4 


8.3 


6.2 


6.6 


7.3 


8.4 


6.6 


6.9 


7.7 


8.7 


0.4 


0.9 


2.7 


4.0 


0.'3 


0.6 


2.2 


6.1 


0.1 


0.3 


o.a 


3.4 



Example 2 

completed what was designated ^Zx^Zt A jZ^lnl'T^ ^l^' ^ ' 

the Slurry had been rinsed into the 7^0^^ {^^,^*'^rJ4^?1„"^^^^^ 

slurry. A 10 percent solution of sodium hydroxide w« prS!?- stirred into the 

of 8.0. A yellowish precipitate was ob^en^d To fo J^ nf '"f^^-^^^t^ with stirring to increase the pH 
„ 2C the same procedure was use" SuSead ^e ^ZZZToTp^^^: "T"'^ 
the Slurry. The same pH adiustment. rinsing, and dryinTste^'Je« ufed" "^'^ 

Treatment C was marked mri^ective at^s-C ^ ^ ' * "^"^ '^"""^ "'"^ treatmerit A. 

35 



45 



TABLE 2. Results of high temperature tests on powders of 
Example 2, 

^^^t:^ PERCENT GAIN tN .Prr.». 

250 275 300 

4^ ''•^ i-2 4^ 

0-0 0.2 0.7 ^5.7 

''^ 0-0 0.3 0.6 -'l.3 
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Example 3 

redu^ti::o, r^'^^ '^^^^^^ 

An attritor grind of "Magnequench" powder was donf r^ '""^ Precipitation of chromic hydroxide. 

With ,he grinding time extended to 40 SLs After "he o^^^^^^^^^ ^ 
treatments was performed. In three orthe freatrnJoK ?n ^''^ ""^^ ""'^ f^^"' ^^''s. one of four 
Phosphoric acid were added ,o ad ust he p^o tlnl to ^ZTT^ °' 
s-urry. After each of the four treatments. S.^3tg of iS^uff^^elSt^^^^^^^ 
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The reduction was apparent in the appearance of the deep green color of the chromic ions. Chromic 
hydroxide was then precipitated by adjusting the pH to 8 by stirring in either 10 percent sodium hydroxide 
or powdered calcium oxide. After being allowed to stand for 30 minutes, the solution was decanted. Two 
further rinses and decants were done. The powder was then dried at 150*C for 2 hours. 

For these samples a second test of corrosion resistance was conducted in addition to the high 
temperature stability test described in Example 1. A 2-gram sample was weighed into a small glass bottle. 
The small bottle was placed on a shelf in a larger sealed glass container commonly used as a desiccator. 
Underneath the shelf was a saturated solution of potassium chloride. This container, when placed in an oven 
held at 90^*0. maintained a 75 percent relative humidity atmosphere. This method gives an accelerated test 
of corrosion under high humidity conditions. The extent of corrosion is conveniently determined 
gravimetrically. Again, a 0.5 percent weight gain indicates a significant deterioration in magnet properties. A 
control sample, ground for 20 minutes in water, gains 1.6 percent weight when held for 70 hours under this 
condition. 

table 3 gives results for weight gain after heating for one hour successively at 250. 275. and 300**C. 
Table 4 gives results for weight gain after exposure to 90**C and 75 percent relative humidity for 70 hours. It 
can be seen that the use of lime rather than sodium hydroxide for precipitation gave better corrosion 
prevention in almost every case, tt also gave bettor clarity of the waste water. Acidifying the solution before 
adding the reductant gave improved results, presumably by promoting completion of the reduction reaction. 
Of the acids tested, phosphoric acid appears to give best corrosion resistance when incorporated into the 
chromate reduction-precipitation process. 
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TABLE 3. Results o£ high temperature tests on powders o£ 
Example 3 • 

PERCENT GAIN IN WEIGHT 
ACID BASE USED FOR PRECIPITATION 



None 
HCl 
H2SO4 
H3PO4 



NaOH 

0.9 

1.0 

1.1 

0.9 



CaO 
1.1 
0.6 
0.7 
0.6 



40 



45 



50 
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TABLE 4. Results of high humidity and temperature tests on 
powders of Example 3, 

PERCENT GAIN IN WEIGHT 
ACID 3ASE USED FOR PRECIPITATION 

NaOH CaO 

None 1.3 ^-0.6 

HCl o.a 0.4 

1.1 0.5 
0.3 0.0 



H^SO, 



H3PO, 
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Example 4 

The minus-325-mesh size fraction was dry screened out for a sample of samarium-cobalt o^rm, 
magnet powder Of tf,e 2:17 precipitation hardened type. Treatment 4A was a Z^ ue^TS!" 
cons.sted of wetting a 1-gram sample of the powder with tap water for 10 minutes dSan^L lTr ^ 
eO-C in treatment 4B. 1 gram of powder was wet with 0.25 grl of 3 preTsodrSr^ma e^i? 
mmutes The sample was rinsed and decanted 3 times and dried at 60'C. In treatmem TZiol I 
sod.um d.chromate treatment was repeated. Then O.369 of 3 percent sodium bisuffite was iSjii^j:^! 
pH was adjusted to 8.5 with saturated lime water. Rinsing and decanting was as in treatmenM? ' 
.h». th! 'T^^ 1 l^'^f^'^^"'^ tests as described in Example 1 are given In Table 5. It can be seen 
that the chromate treatment increased the oxidation resistance of the powder. Adding the chm^^« 
reduction-pricipitation process gave a further increase in oxidation resistance ^ 



75 


TABLE 5, Results 


of high temperature 


tests on powders 




Example 4. 












TREATMENT 




PERCENT 


GAIN IN 


WEIGHT 


20 




250 


275 


300 






None 


0.6 


1.1 


2.0 


3.6 




4A 


0.7 


1.1 


2.2 


3.4 


2S 


4B 


0.4 


0.6 


1.4 


2.2 




4C 


0.2 


0.4 


0.6 


1.2 



Example 5 

30 

K J°oT f^^^"^^"^ ^^"^P'e ' '^ere added 1840 grams of 3/16 inch diameter steel grinding 

bans. 240 grams of m.nus-40.mesh "Magnequench" crushed NdFeB ribbon, and 160 grams of 3 oercent 
sodium dichromate solution. The powder was grouid for 20 minutes at 300 rpm and then rinsed arTdried 
as rn Example 1. The following mixture was compounded in a laboratory Haake Buchler Rheomix mixer 
35 (a) 47.25 g of the powder prepared as described above 

(b) 141.75 g of minus-IOO-mesh "l/agnequench" crushed NdFeB ribbon 
Aon«£l^^"^ ^ ^" essentially amorphous hot-melt polyamide resind. as described in UjS. Patent 

(d) 0.86 g of a processing additive which is a cyclic nitrile derivative of a saturated fatty add dimer 
40 as described in the same patent. ' ' 

Compounding was done at a temperature of 190'C for 6 minutes at 30 rpm. and an additional 4 
minutes at 100 rpm. wu«nai •» 

The compound thus produced was injection molded on a laboratory machine to produce cylindrical 
pellets 0.47 inch in diameter and 0.30 inch thick. The temperature of the barrel and nozzle was 240-270'C 
45 the temperature of the mold was 25-40-C. and the injection pressure was approximately 4000 psi. Orienting'- 
fields of 0 to 15 kOe were applied, but found to have no significant effect of the magnetic properties of 
samples made from the isotropic powder. h'«i«»iu«» oi 

Table 6 gives the magnetic properties of the pellets as originally produced and after three different 9 

wi M 2. ''"""'''•^y- sa-^P'es were pulsed magnetized at 40 kOe before measurement at 22-C on a 
T whicJ ifdSTih '"^Snetic properties given are defined by ASTM A340. wi'th the excefrtio^of 
6:ZTJ!nn as the demagnetizing field that gives a 10 percent loss in induction upon recoil to zero 
demagnetizing field. Table 7 gives for the same aging conditions the percent change in w ioht the Dercen° 
Change in magnetization in the open circuit condition, the percent change in magneUzmii^S n Jhe dosJi 
circuit condition, and the percent change ,n magnetization in the closed drcuit coSn thaufn^ 
recovered upon remagnetization. The latter corresponds to the loss of B, in Table 6 i^rs indtaive o 
permanent metallurgical changes, such as corrosion, in the magnet 
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The aging results at 90'C and ambient ^ -^'^'^V '"f^^ net con^^^^^^^^ si^mzB6 powder is clearly 
which can be recovered bV remagnetization. The molded '"^9"!' ""^^^^ indicates a small b-jt 

suitable for continuous duty at 90-C. The 90'C 7 percent an accelerated 

significant degree of metallurgical change, P[°f '''y;^''^^* " i„ applications. The magnet is 

test at a combination of high temperature and ^^f^''^;^' ^^^^ t temperatures up to 40-C. The 
stable indefinitely under normally encountered ^'9^ h"m d.ty conomo p temperature if only 

140-C results indicate that the magnet could be "^^"^ ^^^^^ those reported for other 
exposed to weak demagnetizing fields. Overall, the results compare favorably witn t o 

bonded rare earth magnets. 

TABLE 6. Magnetic properties of injection molded magnet of Example 5. 

After 9 i "«nt:hs aging 
qa«c. 75%ch 
4. a 

3.7 
4.3 
7.5 
12.4 



25 



30 



35 



40 



Ociainal 


• 90'C 


5.0 


5.0 


4.3 


4.2 


5.4 


5.2 


10.5 


9.9 


13.5 


13.2 



B.j. (kG) 
(kOe) 

tnaX 

(kOe) 
H^j^ (kOe) 

TABLZ 7. Effect on 9 month aging on properties of 

injection molded magnet of Example 5. 

Percent Change 

90« 9d'C.75%rh 
Property - — , ■ 



Weight 

Open Circuit 

Magnetization 
Closed Circuit 

Magnetization 

After Remagnetization 



-0.1 

-4 

-4 
0 



+0.5 

-15 

-10 
-5 




140'C 

-13 

-11 
0 
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Example 6 

Xo^tr sx™:r or::.'.. . . ^--v ^ 

Rheomix mixer: 

(a) 240.00 g of the powder described above 

(b) 15.00 g of medium acrylonitrile-butadiene rubber 

(c) 0.15 g of stearic acid 

(d) 0.09 g of lotramothylthiuram disulfide 

(e) 0.18 g of sulfur 

(f) 0.36 g of 2-mercaplobenzothia2yl disulfide 

(g) 0.54 g of zinc oxide 
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Compounding was done for 3 minutes at 100 rpm. with the temperature rising from 60 to 110"C. The 
compound was allowed to cool to room temperature and then calendered into a 0.87 inch thickness sheet 
on a pair of 3 inch diameter by 9 inch long rolls. The sheet was cured for 40 minutes at 150*C in an air 
circulating oven. 

5 The magnetic properties of the flexible sheet, determined with Walker Hysteresisgraph after pulse 

magnetizing at 40 kOe, were as follows: 

Br = 4.5 kG 

He = 3.7 kOe 

BHmax = 4.1 MGOe 
70 Hci = 15.1 kOe 

H« « 8.0 kOe 

The sheet had a tensile strength of 280 psi with an elongation of 53 percent (ASTM D412) and a Shore 
D hardness of 37. The high degree of flexibility of the sheet was evidenced by its ability to withstand a 180 
degree bend around a 025 inch diameter mandrel without crazing. 

75 ^ • 

Claims 

1. A non-pyrophoric permanent magnetic alloy powder comprising 

20 (a) permanent magnetic alloy particles having an average particle size of from about 0.1 to about 

1000 microns and 

(b) a thin outer coating on said particles comprising a chromium and o){ygen compound wherein the 
chromium content of said outer coating comprises between 0.001 and 5% by weight of the particles. 

2. The powder of claim 1 wherein said permanent magnetic alloy particles include a rare earth metal. 

25 3. The powder of claim 2 wherein said permanent magnetic alloy particles are selected from the group 
consisting of samarium-cobalt and neodymium-iron-boron. 

4. The powder of claim 1 wherein the chromium content of said thin outer coating comprises between 
about .01% and 1.0% by weight of the particles. 

5. The powder of claim 1 wherein said powder is sufficiently non-pyrophoric that It can be heated in air 
30 to 250 °C without fire or explosion, 

6. The powder of claim 1 wherein said thin outer coarting is formed by exposing said particles to a 
solution containing dichromate or chromate ions. 

7. The powder of claim 8 further including adding a soluble metal salt capable of forming an insoluble 
metal chromate salt 

35 8. The powder of claim 7 wherein said insoluble metal chromate salt is selected from the group 
consisting of zinc chromate, cadmium chromate. and lead chromate or basic forms thereof. 

9. The powder of claim 6 further including adding a reducing agent capable of reducing the chromium 
from the hexavalent chromate state to the trivalent chromic state and adding a base capable of precipitating 
chromic oxide, chromic hydroxide, or hydrated chromic oxide. 

40 10. A polymeric magnetic composition comprising 

(a) a binder selected from the group consisting of thermoplastics, thermosets, and elastomers: and 

(b) a non-pyrophoric permanent magnetic alloy powder comprising a permanent magnetic particles 
and a thin outer coating on said articles comprising a chromium and oxygen composition wherein the 
chromium content of said outer coating comprises between 0.001 and 5% by weight of the particles. 

45 11. The polymeric magnetic composition of claim 10 wherein said permanent magnetic alloy particles 
include a rare earth metal. 

12. The polymeric magnetic composition of claim 11 wherein said permanent rragnetic alloy particles 
are selected from the group consisting of samarium-cobalt and neodymium-iron-boron. 

13. The polymeric magnetic composition of claim 10 wherein the chromium content of said thin outer 
50 coating comprises between about 0.01% and 1.0% by weight of said particles. 

14. The polymeric magnetic composition of claim 10 wherein said binder is selected from the group 
consisting of polyamides, polyphenylene sulfide, epoxides, phenolics. natural rubbers, synthetic rubbers, 
fluorocarbons, and polyesters. 

15. The polymeric magnetic composition of claim 10 wherein said particles have an average particle 
55 size of from about 0.1 to about 200 microns. 

16. A method of treating magnetic particles comprising 
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a) grinding a permanent magnetic alloy in the presence of a solution containing -a chromium 
compound selected from the group consisting of dichromate salts, chromate salts, chromium trioxide or 
mixtures thereof 

b) separating the magnetic particles from the solution 

5 c) drying the magnetic particles at a temperature of between 60°C and ISCC wherein a non- 

pyrophoric permanent magnetic alloy powder is produced having an average particle size t)etween 0.1 and 
200 microns and having a thin outer coating on said particles comprising a chromium and oxygen 
compound coated on sard powder wherein the chromium content of said outer coating comprises between 
0.001 and 5% by weight of the magnetic particles. 

10 17. The method of claim 16 further including precipitating the remaining chromium in said solution by 
adding a soluble salt of a metal capable of forming an insoluble metal chromate. 

18. The method of claim 17 wherein said soluble salt is selected from the group consisting of soluble 
salts of zinc, cadmium, and lead. 

19. The method of claim 16 further including adding a reducing agent to the solution capable of 
75 converting the chromium from the hexavalent state to the trivalent state followed by adding a base to 

precipitate said trivalent chromium. 

20. A compound capable of being used in an injection molding apparatus comprising a thermoplastic 
binder and a non-pyrophoric permanent magnetic alloy powder, said powder comprising 

a) permanent magnetic alloy particles having ari average particle size of t^etween about 2 and about 
20 200 microns. 

b) a thin outer coating on said particles comprising a chromium and oxygen compound wherein the 
chromium content of said outer coating comprises bewteen 0.001 and 5% by weight of the particles. 

21. A permanent magnet molded from the compound of claim 20. 

22. A flexible magnet comprising a flexible thermoplastic or elastomeric binder and a non-pyrophoric 
25 permanent magnetic alloy powder, said powder comprising 

a) a pennanent magnetic alloy particle having an average particle size of between atx)ut 0.1 and 
about 50 microns; and 

b) a thin outer coating on said particles comprising a chromium and oxygen compound wherein tfie 
chromium content of said outer coating comprises between 0.001 and 5% by weight of the particles. 

30 
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